Rec'dPCT/FTO 21SEP2fl(J5 

Docket No.: 66243-0145 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: M. Dean Savage 

Serial No.: 10/517,758 Group Art Unit: Not Yet Assigned 

Filed: December 13, 2004 Examiner: Not Yet Assigned 

For: HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 

Commissioner For Patents 
P.O. Box 1450 
Alexandria, VA 22313 

PETITION PURSUANT TO 37 CFR §1>47 INVOLVING THE REFUSAL 
OF INVENTOR TO EXECUTE THE POWER OF ATTORNEY 

Pursuant to 37 CFR §1.47, counsel for the inventor makes the above-identified 
Petition according to the following facts: 

1 . The Patent Office issued a NOTIFICATION OF MISSING REQUIREMENTS 
UNDER 35 U.S.C. §371 IN THE UNITED STATES DESIGNATED/ELECTED OFFICE, 
on June 21, 2005. A copy of the Notice is attached as Exhibit A. 

2. As of today's date, all of the necessary Power of Attorney documents have not 
been executed by Mr. M. Dean Savage. 

3. At the time that the above-identified application was filed. Pierce 
Biotechnology employed Mr. M. Dean Savage. Sometime after the application was filed, Mr. 
M. Dean Savage ceased his employment with Pierce Biotechnology. 

4. All of the necessary Power of Attorney documents were emailed to Mr. M. 
Dean Savage on January 14, 2005, prior to the national stage filing of the application, and 
again on June 28, 2005 after receipt of the NOTIFICATION OF MISSING 
REQUIREMENTS. Copies of the emails are attached as Exhibit B, which includes the 

combined Declaration and Power of Attorney. No response was received from Mr. M. Dean 
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Savage. 
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5. Outside counsel for Pierce Biotechnology called and left telephone messages 

with Mr. M. Dean Savage on August 15^^, 16* and 18*, 2005 and September 1'', 2"^, 7*, and 
13* 2005 in an attempt to obtain Mr. Savage's signature but no reply was received. 
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6. Upon information and belief, in-house counsel for Pierce Biotechnology also 
attempted to obtain the signature of Mr. M. Dean Savage, but was unable to do so. 

7. On September 13, 2005, the undersigned made a final attempt to secure Mr. 



M. Dean Savage's signature by sending, to Mr. M Dean Savage's last known address, a letter 
and additional copies of the Declaration and Power of Attorney and Assignment via Federal 
Express and regular mail delivery as well as enclosing a prepaid Federal Express label and 
envelope for return of the documents. A copy of the letter. Declaration and Power of 
Attorney, and Assignment sent via Federal Express is attached as Exhibit C. A verification of 
receipt by Mr. M. Dean Savage (as shown by his signature) is attached as Exhibit D. No 
response has been received from Mr, M. Dean Savage. 

8. The undersigned hereby makes application as agent for and on behalf of Pierce 
Biotechnology who employed Mr. M. Dean Savage at the time of the filing of the application. 

37 CFR 1.47(b) notes that "Whenever all of the inventors refuse to execute an 
application for patent, or cannot be found or reached after diligent effort, a person to whom an 
inventor has assigned or agreed in writing to assign the invention, or who otherwise shows 
sufficient proprietary interest in the matter justifying such action, may make application for 
patent on behalf of and as agent for all the inventors.". In view of the facts noted above, it is 
respectfully submitted that diligent effort has been made to provide the non-signing inventor 
with the necessary document. 

This petition is necessary to preserve the rights of Pierce Biotechnology and Mr. M. 
Dean Savage so as to prevent irreparable damage caused by the abandonment of the present 
application. 

Also, in accordance with 37 CFR 1.47(b), the last known address of Mr. M Dean 
Savage is 2210 Westview Blvd., Apt. 155, Conroe, Texas 77304 USA 
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Therefore, in view of the foregoing statements and accompanying exhibits, it is 
respectfully submitted that a proper showing has been made pursuant to 37 CFR 1,47 to 
address the NOTIHCATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. §371. 



The fee as required under 37 C.F.R. § 1.17(h) accompanies herewith. 



Dated: September 21, 2005 RespectfuUv s^mmtted, 

RADER, nSHMAN & GRAUER PLLC 
1233 20th Street, N.W., Suite 501 
Washington, DC 20036 
(202) 955-3750 



ShQuiy additional fees be necessary in connection with the filing of this paper, or if a petition for 
extension of time is required for timely acceptance of same, the Commissioner is hereby authorized 
to charge Deposit Account No. 1 8001 3 for any such fees; and applicant(s) hereby petition for any 
needed extension of time. _^ ■ 




Lee Cheng 

Registration No.: 40,949 
Attorney for Applicant 
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BLOOMFIELD HILLS, Ml 48304-0610 



M. Dean Savage ^ 
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PCTAJS03/18912 

j PRIORITY DATE | 



LA. FILING DATE 



06/16/2003 



06/14/2002 



CONFIRMATION NO. 1329 
371 FORMALITIES LETTER 

Hiiiiiiiiiiiiiir ' 

•OC000000016321 343* 



Date Mailed: 06/21^005 

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED 
STATES DESIGNATED/ELECTED OFFICE (DO/EO/US) 

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark 
Office as a Designated / Elected Office (37 CFR 1 .495). 

• Copy of the International. Application filed on 12/13/2004 . 

• Copy of the International Search Report filed on 12/13/2004 

• U.S. Basic National Fees filed on 12/13/2004 

• Priority bocuments filed on 12/13/2004 



The following Items MUST be furnished within the period set forth below in order to complete the requirements for 
acceptance under 35 U.S.C. 371 : 

• Oath or declaration of the inventors, in compliance with 3 7 CFR 1.497(a) and (b), Identitying the application 
by the International application number and international filing date. 

• $130 Surcharge for providing the oath or declaration later than 30 months firom the priority date (37 CFR 
1 ,492(e)) is required. 

SUMMARY OF FEES DUE: 

Total additional fees required for this application is $130 for a Large Entity: 
• $130 Late oath or dedaratiqn Surcharge. . .. 

ALL OF tHE ITEMS SET FORTH ABOVE MUST BE SMBMiTTED WITHIN TWO (2) MONTHS FROM THE 
DAtE bF VH IS htotiCE OR BY 32 MONTHS FROM tHE PRIORITY DATE FOR THE APPLICA^^^ 
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT. 

The time period set above may be extended by filing a petition and fee for extension of time under the provisions 
of 37 CFR 1.136(a). 
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to^Ke^ddi^? given in the hiding and include the U.S. application no. shown above (37 CFR 1 .5) 

A copy of this notice MUST 6e returned with the response. 
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From: 
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To: 
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Lee Cheng 

Wednesday, September 21 , 2005 12:12 PM 
Maki M. Huffman 

Our File 66243-0145 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 




Declaration-POA Assignment Application 
(R0278585).PDF... 10278586).PDF (45 .10278593). PDF (58. 

From: Alisa M. Haggemo 
Sent: Friday, January 14, 2005 5:02 PM 
To: 'Dean.savage@att.net' 
Cc: Michael B. Stewart; Lee Cheng 

Subject: Our File 66243-0145 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 



We are intellectual property counsel for Pierce Biotechnology, Inc. We prepared and 
filed the above -identified patent application on which you are named as an inventor (a 
copy of the application is enclosed for your records) . 

Since you are a named inventor on this application, the U.S. Patent and Trademark 
office requires that you sign a combined declaration and power of attorney regarding 
this application. As part of your previous employment with Pierce, and the fact that 
the invention was developed while you were with Pierce, we also need you to sign an 
assignment, formally transferring rights to the invention. We enclose copies of these 
papers for your signature. Your signature on the assignment must be notarized. Once 
the papers have been fully executed, please return them to our office. We kindly ask 
that you send the executed papers back to our office by February 18, 2005, for filing 
with the U.S. Patent and Trademark Office. 

Of course, as an inventor, your name will appear on any issued patent. We would be 
happy to send you a copy of any such patent when it issues. 

Thank you for your cooperation and prompt attention to this matter. Please contact us 
if you have any questions. Michael Stewart can be reached at (248) 594-0633 and Lee 
Cheng can be reached at (202) 955-8749. 

Alisa M. Haggemo, Legal Specialist 
Rader, Fishman & Grauer PLLC 
39533 Woodward Ave., Suite 140 
Bloomfield Hills , Michigan 48304 
+1-248-594-0632 direct 
+1-248-594-0610 facsimile 
amh®raderf ishman . com 

CONFIDENTIAL AND PRIVILEGED INFORMATION IMPORTANT: The enclosed message and any 
attachments are intended for the addressee only and is privileged and confidential. If 
you are not the addressee, then please DO NOT read, copy or distribute it, but reply to 
the sender that you received it in error and delete it. Thank you. 
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Alisa M. Haggemo, Legal Specialist 
Rader, Fishman & Grauer PLLC 
39533 Woodward Ave., Suite 140 
Bloomfield Hills , Michigan 48304 
+1-248-594-0632 direct 
+1-248-594-0610 facsimile 
ainh@rader fishman . com 

CONFIDENTIAL AND PRIVILEGED INFORMATION IMPORTANT: The enclosed message and any 
attachments are intended for the addressee only and is privileged and confidential. If 
you are not the addressee, then please DO NOT read, copy or distribute it, but reply to 
the sender that you received it in error and delete it. Thank you. 
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HOMOGENOUS ASSAY FOR ENZYMATIC ACTIVITY 



Field of Invention 



[0001] The present invention relates to the assay of enzymatic activity and. more 
particularly, to the measurement of the activity of kinases, phosphatases, and proteases, as well 
as other enzymes. More specifically, the present invention relates to measurements of 
enzymatic activity, which are accomplished in a homogenous assay format utilizing a 
fluorescence quenching technique employing paramagnetic metal ions. 



[0002] Enzymes are catalytic proteins that typically act on a substrate to yield an 
endproduct. Protein kinases and protein phosphatases comprise a class of enzymes that modiiy 
protein and/or peptide substrates by catalyzing the attachment or removal, respectively, of a 
phosphoi-yl group to sites on certain amino acid side chains of the substrates for these enzjTnes. 
Determining the presence or catalytic activity of these enzymes is important since the degree of 
phosphorylation of a particular protein or peptide has been found to be an important 
characteristic in regulating cellular functions. Enzymes capable of peptide bond cleavage, 
known as proteases, are another class of enzymes. Ever increasing emphasis is being placed on 
discovering what drugs can be used to modulate enzyme activity. This, in turn, has created the 
demand for the development of improved techniques for the measurement of the activity of 
enz>'mes. 

[0003] Radioactive detection has been used to assay for enzymatic activity; see, for 
example, US Patent 5,538,858. With respect to kinases, a sample containing the kinase of 
interest is incubated with activators and a peptide substrate in the presence of radioactive 
labeled ATP. Then, an aliquot of the incubated mixture (containing phosphorylated and non- 
phosphorylated peptides) is placed on a filter that binds the substrate and the filter washed to 
remove excess radioactivity. The amount of radiolabeled phosphate incorporated into the 
substrate and, in turn, enzyme activity is measured by scintillation counting. 
[0004] Because of the necessity for the precautions involved in radioactive techniques, non- 
radioactive assay techniques are also in use. A particularly attractive assay is sold by Pierce 
Biotechnology, Inc. (formerly known as Pierce Chemical Company) under the SpinZyme"^-^ 
brand name and is described in US Patent 5,527,688, issued on June 18, 1996. In this assay, 
non-radioactive ATP is used in the incubation mixture and the substrate is dye-labeled. After 
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the enzymatic reaction, the incubated mixture is brought into contact with a solid phase 
containing immobilized Fe^. The phosphorylated substrate in the mixture binds to the solid 
phase by chelation with the iron ion. The non-phosphorylated substrate is removed by washing, 
and the amount of phosphorylated substrate is measured by detection of the dye, which is 
labeled on the substrate. 

[0005] The above-described assay techniques are non-homogenous in that they require the 
phosphorylated and non-phosphorylated substrates to be physically separated, between the 
kinase-initiated phosphor>'lation and detection. These added steps detract from the use of these 
techniques in those applications commonly used in drug screening and termed high throughput 
screening. 

[0006] Homogenous assay techniques have been developed in a variety of specific areas to 
overcome the aforementioned drawbacks of non-homogenous assays. One example is 
radioactive assays, commonly knowTi as scintillation proximity assays. 
These are described in US Patents 4,568,649, 5,665,562 and 5,989,854. Other homogenous 
assays are described in the April, 2002 issue of Drug Discovery & Development entitled "The 
Key to Kinases is All in the Kits,*' beginning on page 28. 

[0007] Several other categories of homogenous assays are based on non-radioactive 
detection methods. Fluorescence techniques, such as based on fluorescence resonance energv' 
transfer (FRET) and fluorescence polarization (FP), have been introduced; see, for example, 
US Patent 6,287,774 and US Patent Application 2002/0034766 Al. 

[0008] In FRET methods, a fluorophore (a light-absorbing dye capable of fluorescence 
emission) is utilized in combination with another fluorophore (either identical or not) or with a 
chromophore (a light-absorbing dye not capable of fluorescence emission). A general 
requirement for FRET is that the two entities of the pair combination (either fluorophore and 
fluorophore, or fluorophore and chromophore) have an overlapping spectral region. The ability 
of the FRET technique to be utilized in the construction of an assay relies on the capacity to 
distinguish, by measurable signal detection, the variation in observed fluorescent emission from 
the combination pairs employed when they are in close proximity as opposed to spatially 
separated. Thus, in this technique, a donor fluorophore, such as fluorescein, can be used with 
the dye, tetramethylrhodamine, as an acceptor fluorophore. When these two fluorophores are 
in close proximity to each other, excitation of the fluorescein molecule results in energy being 
transferred to the tetramethylrhodamine acceptor and consequently the normal expected 
emission from the fluorescein is decreased. 

[0009] Assays can be constructed using FRET techniques where specific binding events are 
utilized to bring the two fluorophores into close proximity. Such assays can be quantitated by 
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observing decreased fluorescent emission of the donor fluorophore or by observing increased 
fluorescent emission of the acceptor fluorophore, both of which are brought about when the 
binding event occurs. Proteolytic FRET assays utilize the action of a protease to cleave the 
substrate having the attached fluorophores (for example labeled on the N and C temiinus of 
peptide) to cause the two fluorophores to be more spatially separated and thereby diminishing 
the FRET event. ' 

[0010] In the case of FRET assays utilizing a chromophore, examples of useful 
chromophores include those commonly known as Black Hole Quenchers and DABCYL (4-(4 - 
dimethylaminophenylazo)ben2oic acid) ( See Proc. Natl. Acad. Sci. USA. 1999 May 25; 96 
(11): 6394-6399 entitled "Multiplex detection of four pathogenic retroviruses using molecular 
beacons." Jacqueline A. M. Vet, Amit R. Majithia, Salvatore A. E. Marras, Sanjay Tyagi, 
Syamalima Dube, Bernard J. Poiesz, and Fred Russell Kramer). 
[0011] Drawbacks of the FRET technique include the requirement of a matched 
combination pair, which precludes a more universal utility to assay construction, along with 
other drawbacks, such as increased cost, complications related to assay interpretation via signal 
breakthrough, and negative assay interactions, such as hydrophobic interactions of the enzyme 
with the dye molecules, etc. 

(00121 Turning now to the FP method mentioned above, this technique relies on detecting a 
measurable change in fluorescent polarization. For example, in FP-based kinase assay, these 
assays measure the change in fluorescent polarization (FP) that accompanies the kinase 
catalyzed phosphorylation of a fluorescent dye-labeled substrate. To achieve a measurable 
change in FP on phosphorylation, a large entity is included in the incubation mixture, which 
complexes with the phosphoryl group on the derivatized peptides. In such a direct assay format, 
because of the resulting increase in size of those peptides that have been phosphorylated, their 
rotational diffusion is significantly less and, in turn, their FP significantly greater, than of those 
peptides that have not been phosphorylated. Competitive FP fomiats also have been described. 
Thus, the difference in FP between the labeled substrate before catalysis with the kinase of 
interest and after catalysis is indicative of the activity of the enzyme. 
[0013] FP assays can be mn in a homogenous foraiat, which requires no washing and 
separation steps because both the before and after measurements are of the same parameter, 
namely, fluorescent polarization; only the change in this parameter is the determinative factor. 
However, a drawback associated with FP assays is the necessity for using expensive equipment 
capable of measuring FP. A further drawback of FP assays resides in certain technical 
limitations associated with its use, such as assay artifacts due to scattered light, viscosity- 
changes, 2Uid polarization changes associated with incorporation of small molecular weight 
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fluorophores into large molecular detergent micelles. These limitations are not found in 
fluorescent assays based on simple measurement of fluorescent intensity. 

Summary of Invention 

10014] In accordance with the present invention there is provided a method and associated 
composition of matter for assaying the activity of an enzyme based on fluorescence quenching. 
The present invention results from the observation that the fluorescent intensity of a 
fluorophore label on an enzymatic substrate or endproduct can be quenched by the presence of 
a paramagnetic metal ion when bound to a target group located in proximity to the label, and 
the realization that useful enzyme assays are enabled utilizing this observation. 
[0015] The assays incorporate a paramagnetic multivalent ion that binds specifically to a 
target group present on a fluorescent dye-labeled enzymatic substrate or endproduct. When 
bound to the target group, the ion is brought into proximity to the fluorophore and acts as a 
quencher of the fluorescent dye label by means of intrinsic properties of the metal ion. This 
specific binding is immediate. Results are quantitated by comparing the observ^ed relative 
fluorescence units of test samples to blanks containing no enzyme. 

[0016] More specifically, the method of the present invention involves assaying the activity 
of an enzyme of choice by contacting the enzyme with a population of fluorophore labeled 
substrate in an aqueous enzymatic reaction mixture, and allowing the enzymatic reaction to 
proceed for a selected period of time and temperature as desired. The reaction is then brought 
into contact with a paramagnetic metal ion to form a complex of the paramagnetic metal ion 
with a target group on either the enzyme substrate or endproduct. This complex, when in 
proximity to the fluorophore label, causes specific quenching of the fluorescence from the 
fluorophore. By measuring the intensity of the observed fluorescent emission from the mixture 
and relating the observed fluorescence to that of an external reference, a differential fluorescent 
signal, if any, can be identified and quantitated to ascribe a specific value to the differential. 
This ascribed differential value in fluorescent signal of the sample is indicative of the final state 
(i.e., post-enzymatic reaction) of the fluorophore labeled substrate population and, in turn, 
reflects enzymatic activity. 

[0017] Assays using the present invention can be practiced in several formats. In one 
embodiment the enzyme is reacted with a substrate to produce an endproduct containing a 
target group having binding affinity for the paramagnetic metal ion. In another embodiment, 
the enzyme reaction removes such target group from the substrate. In both instances, the 
substrate contains an attached fluorophore label. 
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[0018] The method of this invention is particularly applicable in the assay of kinase and 
phosphatase activity, including kinases and phosphatase acting upon peptide substrates. In both 
of these cases the target group is a phosphoryl group. The endproduct is the fluorophore labeled 
substrate, which has either been phosphorylated in the case of kinase or dephosphorylated in 
the case of phosphatase. In the kinase assay, after addition of the paramagnetic metal ion to the 
endproduct, enzyme activity is evidenced by decreased fluorescent intensity with increasing 
enzymatic activity. The decrease in fluoresce;nt intensity arises as a consequence of the 
increased content of peptide moieties containing phosphoryl groups in the overall population of 
fluorophore labeled peptide present in the final enzyme reaction mixture. 
[0019] With respect to phosphatase enzyme assays, by virtue of the fluorophore labeled 
substrate being already phosphorylated, the initial starting enzymatic reaction will be more 
highly quenched prior to the enzymatic reaction. Thus, the observed fluorescent emission firom 
the population after enzymatic removal of phosphoryl groups will be observed to increase with 
increasing phosphatase activity since the action of the enzyme will result in a decrease in the 
overall population of fluorophore labeled peptides containing the attached phosphoryl groups. 
[0020] As can be seen from the two prior cases, the actual assay can result in either a 
decrease or increase in fluorescence. It should be noted, however, that, in both cases, the 
mechanism relies on a specific quenching caused by paramagnetic metal ion with its target 
group. 

[0021] Protease activity also can be assayed by the method of the present invention. In this 
case, a protease substrate is selected to have a proteolytic cleavage site between the attached 
fluorophore on the substrate and a target group, which can be an imidazole or phosphoryl 
group. As such the target group resides in proximity to the label and, upon binding, the 
paramagnetic metal to the target group, the metal ion is consequently brought into proximity to 
the fluorophore label. As with the case of the above mentioned phosphatase assays, the 
protease assay will be observed to exhibit an increase in observed fluorescent emission with an 
increase in protease activity. This is because the protease will cleave the substrate to result in a 
population ha\ing fluorophore labels with increased spatial separation as compared to the 
initial substrate where the label is in close proximity to the paramagnetic metal ion/target group 
complex. 

[0022] Another aspect of the present invention resides in providing a composition which is 
formed in the fluorescence quench-based homogenous assays for enzymatic activity described 
above. This composition comprises a paramagnetic metal ion and a substrate for an enzyme or 
an enzymatic endproduct resulting from reaction of the enzyme with a substrate. The substrate 
or endproduct contains a fluorophore label and also contains a target group to which the 
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paramagnetic metal ion is bound, thus permitting the formation a complex of the target and ion. 
The complex is in proximity to the fluorophore and causes specific quenching of the 
fluorescence of the label when the complex forms. 

[0023] Yet a further embodiment of this invention provides a kit comprised of a 
paramagnetic metal ion and an instruction booklet referencing and/'or describing the maimer in 
which the assay can be accomplished with respect to one or more enzymes as set forth herein. 
The kit may include a synthetically prepared calibrator to function as an external reference. 
The calibrator includes a fluorophore labeled synthetic compound having one or more 
concentrations of the attached target group of interest, each in separate packages. 



Brief Description of tlie Drawings 



[0024] Fig 1 shows the assay for PKC enzyme activity using three different enzymatic 
substrates labeled vsdth Lissamine rhodaraine and conducted in a 384 well format using an 
opaque black plate. The data represent the means of triplicates and error bars show the 
standard deviation. The observed fluorescent signal decreases with increasing amounts of 
enzymatic activity. 

[0025] Fig 2 shows the assay for PKC enzyme activity using three different enzymatic 
substrates labeled with Lissamine rhodamine and conducted in a 384 well format using an 
opaque white plate. The data represent the means of triplicates and error bars show the 
standard deviation. The observed fluorescent signal decreases with increasing amounts of 
enzymatic activity. 

[0026] Fig 3 shows the assay for PKA enzyme using Lissamine rhodamine labeled 
Kemptide and conducted in either a 96 or 384 well format using opaque white plates. The data 
represent the means of triplicates and error bars show the standard deviation. The observed 
fluorescent signal decreases with increasing amoimts of enzymatic activity. The graph 
illustrates the raw observed signal as mean RFU or as the normalized signal expressed as the 
mean percentage of RFU relative to the zero enzyme point assigned to 100% fluorescence. 
[0027] Fig 4 shows the assay for PKC enzymatic activity using Lissamine rhodamine 
labeled pseudosubstrate activity conducted in either a 96, 384 or 1536 well formats using 
opaque white plates. The graph illustrates the normalized fluorescent signal expressed relative 
to the zero enzyme point assigned a relative value of 1.0. 

[0028] Fig 5 shows the assay for t>TOsine kinase activity using Lissamine rhodamine 
labeled TKl peptide where the enzyme was allowed to react for either one or two hours in a 96 
well opaque white plate. The data represent the means of triplicates and error bars show the 
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standard deviation. The observed fluorescent signal decreases with increasing amounts of 
enzymatic activity. The observed fluorescent signal is more highly quenched at each enzyme 
concentration with two hours of enzymatic reaction as compared to one hour of enzymatic 
reaction time, confinning the time-dependency of the enzymatic reaction. 
[0029] Fig 6 shows the inhibition of PKC activity by staurosporine. The observed 
fluorescent signal is differentially quenched relative to the amount of inhibitor supplied to the 
enzyme reaction mixture. The degree of observed fluorescent correlates to the amount of 
enzymatic activity. The enzymatic activity is higher at lower concentrations of inhibitor, and 
therefore the observed RFU is decreased. 

(0030] Fig 7 shows the inhibition of PKA activity by PKI. The observed fluorescent signal 
is differentially quenched relative to the amount of inhibitor supplied to the enzyme reaction 
mixture. The degree of observed fluorescent correlates to the amount of enzymatic activity. 
The enzymatic activity is higher at lower concentrations of inhibitor, and therefore the observed 
RFU is decreased. 

[0031] Fig 8 shows the assay for PP2A phosphatase activity using Lissamine rhod amine 
labeled peptide substrate LRRApSLG at one or two hours of enzymatic reaction in a 96 well 
plate format. The data represent the means of triplicates and error bars show the standard 
deviation. The observed fluorescent signal increases with increasing amounts of enzymatic 
activity. The observed fluorescent signal is less quenched at each enzyme concentration with 
two hours of enzymatic reaction as compared to one hour of enzymatic reaction time, 
confirming the time-dependency of the enzymatic reaction. 

[0032] Fig 9 shows the assay for PTPB or PTPIB phosphatase activii}^ using Lissamine 
rhodamine labeled peptide substrate using the phosphorylated TKl peptide in a 96 well plate 
format. The data represent the means of triplicates and error bars show the standard deviation. 
The observed fluorescent signal increases with increasing amounts of enzymatic activity. 
[0033] Fig 10 shows the assay for inhibition of PP2A activity by okadaic acid. The 
observed fluorescent signal is differentially quenched relative to the amount of inhibitor 
supplied to the enzyme reaction mixture. The data are normalized by assigning the obser\'ed 
RFU to equal 100% enzyme inhibition at the highest concentration of inhibitor tested. 
[0034] Fig 1 1 shows the assay for inhibition of PTPIB activity by sodium ortho- vanadate. 
The observed fluorescent signal is differentially quenched relative to the amount of inhibitor 
supplied to the enzyme reaction mixture. The data are normalized by assigning the observed 
RFU to equal 100% enz^TOe inhibition at the highest concentration of inhibitor tested, 
[0035] Figs 12 and 13 shows the assay for proteolytic enzymatic activity of TPCK-treated 
trypsin using the Lissamine labeled peptide substrates LRRApSLG or 
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AGLARAGLALARLALALRRApSL, respectively. The observed fluorescence increases with 
increasing enzymatic activity, indicating proteolytic cleavage at a peptide bond N-terminal to 
the phosphoserine residue. 

[0036] Fig 14 shows an assay for protein phosphatase activity using either phosphatase PP- 
2Ca or PP2A. The phosphatases were incubated with rhodaraine-labeled phosphorylated 
Kemptide as the enzyme substrate. 

[00371 Fig 15 shows the assay for PKA activity using fluorescein labeled Kemptide 
substrates. 

[0038] Fig 16 shows the assay for PKA activity using Oregon Green labeled Kemptide 
substrates. 



Detailed Description Of The Invention 



[0039] The present invention provides an improved method for assaying the catalytic 
activity of enzymes in a homogenous assay format. As particularly illustrated herein, but 
without limitation thereto, the method is useful for measuring catalytic activity of (a) kinases in 
phosphorylating peptide substrates, (b) phosphatases in dephosphorylating peptide substrates, 
and (c) proteases in cleaving peptide substrates. The method relies on 1) the ability of a 
paramagnetic metal ion to exhibit specific affmity interaction with a target group on a 
fluorophore labeled enzyme substrate or endproduct and 2) the abilit>" of the paramagnetic 
metal ion, when so bound, to quench specifically and preferentially the fluorescent emission of 
the dye labeled enzyme substrate or endproduct. The concurrent use of these two features 
together permits the construction of useful enzymatic assays. A requirement of the assay is the 
inclusion of the fluorophore as a label to enable the quench-based assay of the instant 
invention, and in most instances a single fluorophore will be the only dye moiety labeled on the 
substrate. 

[0040] As used herein, fluorescence quenching (or quenching) refers to a reduction in the 
observed fluorescent emission intensity from a parent fluorophore relative to its intrinsic or 
expected fluorescent character. Many of the known characteristics associated with fluorescence 
quenching and assays that rely on a quenching mechanism, and fluorescence principles in 
general, are described in Principles of Fluorescence Spectroscopy, 2nd edition, Joseph R. 
Lakowicz, Kluwer Academic/Plenum Publishers, New York, 1999. A homogenous assay for 
determining enzymatic activity, based on fluorescent intensity, employing a quenching 
mechanism requiring only a single dye molecule distinguishes the quench based assay of this 
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invention from other available quench assays, including those based on FRET, and is 
accompanied by the advantages described herein. 

[0041] As indicated above, an important aspect of this invention is the use of a 
paramagnetic metal ion having the ability to complex with a target group on the substrate or 
endproduct and thereby effect specific quenching of fluorescence of a label thereon. As used 
herein, a "paramagnetic" ion is an ion having unpaired electrons as indicated in "Advanced 
Inorganic Chemistry, 4th ed.," p. 1359, by F. A. Cotton and G. Wilkinson. 
[0042] Metal ions useful in this invention are those that are paramagnetic and have been 
recognized as having utility in inrunobilized affinity colunrm chromatography where their 
specific binding capacit>' has been used for purification purposes. Particularly useful 
paramagnetic ions include Fe"^ and Ni"^ (also identified herein as ferric ion or Fe (HI), or Ni 
(n)). Fe"" exhibits specific binding to phosphoryl groups. Thus, in these assays the 
phosphoryl is the target group for binding to the paramagnetic metal ion to form a complex. 
Accordingly, Fe"^ is especially useful in en2>'matic assays involved with phosphorylation or 
dephosphorylation of substrates. Ni"*^ fmds particular utility due to its capacity for specific 
binding the imidizole target group on histidine and polyhistidine tags. Thus, it is particularly 
useful in protease assays, where the enzyme substrate incorporates these groups. 
[0043] To achieve formation of the complex of ion and target, the ion can simply be 
brought into contact with a fluorescent labeled substrate or endproduct in an aqueous 
incubation mixture derived from a simple salt such as FeCb or NiCh. It is convenient to 
contact the paramagnetic metal ion with the substrate or endproduct in a pre-prepared aqueous 
form coordinated with a chelator. Such chelation improves handling characteristics, solubility, 
and aqueous stability of the paramagnetic metal ion. Representative chelators for Fe"*^ and 
Ni"*^ are iminodiacetic acid (IDA), ethylenediaminetetraacetic acid (EDTA), nitrilotriacetic acid 
(NTA), or salts thereof, as well as forms where the chelator is attached to a carrier molecule, 
such as a protein. Salts of paramagnetic metal ions presented to the enzyme substrate or 
endproduct as simple chelates are preferable by allowing the delivery of higher amounts of the 
paramagnetic metal ion to the incubation mixture for overcoming the impact of interfering 
compounds. The utilization of multiple paramagnetic metal ions chelated to a carrier molecule 
can be employed where it is desired to increase the local molar ratio of the paramagnetic metal 
ion that can be bound in proximity to the fluorophore when the paramagnetic metal ion binds to 
its target group. 

[0044] In practicing this invention, the amount of the paramagnetic metal ion added, in a 
working solution, to the incubation mixture should be sufficient to provide enough material to 
bind fully the target groups on the peptide in the mixture. For practical applications, a slight 
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excess is typically used. A slight excess of metal ion improves the functional aspects of the 
assay with respect to reproducibility and robustness. Where there may be interfering 
compounds, such as in the case of phosphorylation kinase assays, due to the presence of 
material in the incubation mixture capable of also binding Fe^, such as ATP and its 
b>product, ADP, a larger excess can be used to increase further the reproducibility and 
robustness of the assay. With the above factors in mind, consideration also should be given to 
the fact that the paramagnetic metal ion can function as a coUisional quencher, and thereby 
reduce the total fluorescent signal available for detection. Consequently, the optimum 
concentration of the paramagnetic metal is a concentration providing the maximum differential 
fluorescent signal and will be dependent on the labeled peptide concentration, along with the 
instrumentation and format desired to conduct the assays. Table 1 presented hereafter 
illustrates useful concentrations of the paramagnetic metal ion as presented within the context 
of a working solution for the typical conditions encountered in plate assays. These 
concentrations were utilized in examples presented hereafter unless otherwise indicated. 
[0045] The paramagnetic metal ion can be delivered to the incubation mixture within a 
buffering solution, which ser\'es to maintain the pH of the fmal solution (the solution prior to 
fluorescent measurement). The paramagnetic metal ion also may be delivered to the incubation 
mixture with additives, such as detergents and solvents. 

(00461 With respect to pH, a final pH for the solution is selected that avoids potential 
precipitation of any of the components, while maintaining appropriate pH to allow for specific 
binding of the paramagnetic metal ion to its target group. In cases where ferric ion is utilized in 
phosphorylation/dephosphorylation enzyme assays, the utilization of acidic pH values are 
useful and serve the added function of facilitating stopping the enzymatic reaction in the 
incubation mixture. The addition of the paramagnetic metal ion can also facilitate stopping of 
the enzymatic reaction by other mechanisms. For example, in the case of kinase assays, the 
addition of the fenic ion can facilitate the termination of enzymatic activity by binding to the 
phosphoryl group of ATP and thereby making the ATP unavailable for enzymatic reaction. 
[0047] Regarding the ability of the bound paramagnetic metal ion to effect specific 
quenching, the ion when bound to the target is in proximity to the fluorescent dye label. This 
spatial requirement can be met by choosing an enzyme substrate or enzyme endproduct where 
the target group for binding the paramagnetic metal ion is less than about 50 amino acids in 
length removed from the fluorophore. For practical purposes a spatial separation of less than 
about 25 amino acids and generally 2 to 1 0 amino acids is considered useful. However, it 
should be recognized that the spatial separation of a given labeled peptide in a linear primary 
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structure can differ from the actual spatial separation in solution, for example, due to its 
secondary and tertiary structure in solution. 

[0048] In practicing the assay of this invention, customaiy enzymatic reaction conditions 
are carried out to allow for the desired conversion of substrate to endproduci. The addition of 
the paramagnetic metal ion causes the metal ion to bind specifically to a portion of the total 
initial dye-labeled peptide substrate population. This specific binding event distinguishes 
enzymatic activity by allowing for discrimination of the enzymatically altered portion of the 
substrate in relation to that portion of the substrate not altered, or not acted upon, by the 
enzyme. In practicing the invention, the observed fluorescent emission of the unknown sample 
can be compared to that of an extemal reference. The reference can be a control, calibrator, or 
standard curve, which is optionally predetermined. 

[0049] The assay of this invention utilizes simple instrumentation. Because the assay is 
homogenous, no separation steps are required. Additionally, the only instrumentation required 
to practice this invention is a conventional fluorometer or plate reader. There is no 
requirement in the assay for measuring changes in polarization signal as is the case in an FP 
assay and, therefore, no necessity for instrumentation to measure FP. Furthermore, using this 
assay, many technical limitations associated with other assays are minimized. The instant 
invention enables a universal approach to assay construction through the use of a single 
fluorophore, while reducing assay costs and simplifying assay design and data interpretation. 
[0050] The present invention can be practiced in any of the usual enzymatic reaction 
foraiats. Thus, a dye labeled peptide substrate is first prepared, being selected according to 
desired specificity for the enzyme of choice. The labeled peptide may utilize any of the 
recognized fluorophores as the dye. Examples of dyes considered to be useful include 
Lissamine Rhodamine, BODIPY (Molecular Probes, Inc., Eugene, OR), fluorescein, and 
Oregon Green. Other examples of fluorescent dyes are other dyes supplied by Molecular 
Probes, as well as those fluorescent dyes manufactured by Amersham and Dyoraics and others. 
Preparation of the dye labeled peptide substrate is accomplished by commonly known 
procedures. For example, attachment of the fluorophore to the peptide sequence is 
conveniently accomplished during peptide synthesis by reaction of the N-terminus amino group 
of the peptide with the dye. A nucleophilic derivative of the fluorophore, such as a sulfonyl 
chloride derivative, may be utilized to effect the covalent attachment of the fluorophore to the 
N'terminal alpha amino group of the peptide. However, other methods of attachment and at 
other locations can be utilized. 

[0051] Turning specifically to the practice of the present invention with respect to the 
measurement of kinase activity, a population of dye-labeled peptide substrate is initially 
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phosphorylated in conventional fashion in an incubation mixture (i.e., the enzyme reaction 
cocktail). The incubation mixture is prepared in a buffer, such as Tris or HEPES. The mixture 
includes, as essential constituents, the protein kinase of interest (generally serine/threonine 
kinases or tyrosine kinases), a source of high energy phosphate group such as ATP, and dye- 
labeled peptide substrate. It may also include other additives, such as enzyme cofactors (e.g., 
Ca"^ and Mg^^) for enhancing activity, activators for the enzyme (e.g., phosphatidyl-L-serine 
for conventional protein kinase C (PKC) isoforms and cyclic ANIP for PKA). The mixture can 
be further supplemented with common enzyme stabilizing agents, such as a reducing agent 
(i.e., dithiothreitol) or a detergent (i.e., Triton X-100). In many assays, particularly for drug 
screening, putative inhibitors or enhancers to be evaluated as to their influence on enzyme 
activity are present. 

[0052] The mixture, as above prqjared, is allowed to incubate for a selected period of time, 
generally about 10 minutes to 3 hours, to achieve that degree of phosphorylation of the 
substrate population indicative of the activity of the enzyme in the fashioned environment of 
the incubation mixture. At this point, the enzyme reaction mixture contains a population of 
dye-labeled phosphorylated endproduct and non-phosphorylated substrate. Then, in 
accordance with the present invention, ferric ion (Fe"^ is added to the incubation mixture to 
supply the paramagnetic metal ion. After addition of this ion, the relative fluorescence units 
(RFU) are measured on a fluorometer. The measured RFU value will be less than that 
observed for a control sample treated in like fashion but without enzymatic turnover. This 
decrease is due to the substantially complete quenching by Fe^ of the fluorescent signal from 
the dye labeled on the phosphorylated peptides in the population, whereas the non- 
phosphorylated peptide is not quenched to the same degree. A comparison of the decreased 
fluorescent emission of this mixture with that of the control is a measure of enzyme activity for 
a given assay; a larger decrease in fluorescent signal indicating more phosphorylation and, in 
turn, enhanced enzyme activity. 

[0053] In practicing the invention with respective to determination of protein phosphatase 
activity, conditions as described above for the kinase enzyme activity can be employed with 
modifications chosen to reflect the requirements for enzymatic activity of the selected protein 
phosphatase. ATP, for example, can be omitted. In contrast to the observed assay response of a 
decrease in observed fluorescence with increasing enzymatic activity, the observed 
fluorescence will be increased with increased enzymatic activity of the selected protein 
phosphatase. By definition, the protein phosphatase will require the use of a phosphor>'lated 
dye labeled peptide substrate, and consequently the paramagnetic metal ion will bind 
essentially completely to the starting substrate as opposed to the enzymatic endproduct. 
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[0054] Turning now to the protease assay, the selected peptide sequence contains a 
proteolytic cleavage site selected according to the protease of choice. The proteol>'tic cleavage 
site sequence is specifically chosen to reside within the total amino acid sequence of the 
starting substrate between the dye and the specific binding site for the paramagnetic metal 
binding. If the paramagnetic metal selected for the assay is ferric ion, the binding site can, as 
with kinases and phosphatases be a phosphorylated amino acid. If the paramagnetic metal 
selected for the assay is divalent nickel ion, the binding site can be histidine or polyhistidine. 
With respect to the enzjmiatic reaction cocktail and conditions required for enzymatic activit>% 
the conditions are selected according to the requirements for the chosen protease, and will be 
typically conducted in a buffered aqueous solution. 

[0055] A requirement for the assay is that substrate chosen and the dye-labeled on the 
substrate allow the enzymatic reaction to proceed. A variety of peptide substrates, as well as 
conditions for their reaction, for kinases, phosphatases, and proteases are known from the 
literature that allow for the assay of particular enzymes of choice. Consideration should be 
given to the fact that modification of the peptide sequence with the fluorophore may influence 
the nature of the enzymatic reaction as compared to that of a non-labeled substrate. 
[0056] The selection of the peptide sequences to be utilized in the paramagnetic metal ion 
based assay of the instant invention, are chosen with the following aspects in mind: 1) the 
peptide should remain soluble in solution after addition of the paramagnetic metal ion, and 2) 
the "core" structure of the enzyme substrate or endproduct (i.e., that portion not containing the 
target of the paramagnetic metal ion for specific binding) should not have the propensity for 
significant non-specific binding of the paramagnetic metal ion. 

[0057] When a variety of specific substrates are available for investigation of use within the 
assay, the substrate providing the highest preferential or differential quenching betv^'een the 
enzyme substrate and enzyme endproduct fomis will allow for the highest detection sensitivity 
with respect to enzymatic conversion. The differential response of the enzyme substrate and 
endproduct forms can be easily determined. For example, in the case of kinase assays, this can 
be accomplished by fiirst obtaining a sample of the phosphorylated and non-phosphorylated 
peptides and then diluting them separately to low and essentially equal concentrations to 
provide for substantially identical fluorescence emission after excitation at a chosen 
wavelength. Preferably, the concentration of the fluorophore should provide an absorbance at 
the excitation wavelength sufficiently low to avoid inner filter effects. The Fe^ reagent is 
added in sequential and identical increments and the fluorescence emission is captured after 
each addition. The emission intensity of the fluorophore labeled peptides vs. amount of added 
reagent is then compared; obtaining differential and preferential quenching of the 
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phosphorylated form as compared to the non-phosphorylated form. Examination of the data 
dye-labeled illustrates the ability to distinguish, and thus provide an assay for, the two forms of 
the peptide. The peptide pair yielding the highest differential response identifies the peptide 
pair providing the highest detection sensitivity. 

[0058] The assay can be practiced in a variety of solution phase formats, such as in cuvettes 
or microwell plates; the latter being particularly employed where high throughput capability is 
required. As to microwell plate format densities (i.e., 96 to 1536 well formats), each of these 
formats have an upper assay volume limit dictated by the well capacity of each plate type- 
Higher density plates typically have smaller well volume capacities. Thus, an incubation 
mixture volume chosen for a 96 well plate may exceed the volume capacity that can be 
accommodated in a higher density format. It is convenient to scale the incubation mixture 
through these various formats by relating the amount of paramagnetic metal ion delivered to the 
well to the volume of incubation mixture. Thus, a more concentrated paramagnetic metal ion 
reagent may be utilized in higher density plate format. Having the foregoing in mind, the 
amount of paramagnetic metal ion added to the incubation mixture can be based on the volume 
of the incubation mixture when it is desired to use the assay in multiple plate formats. This is 
illustrated in Table 1 below. 

[0059] In other embodiments of the present invention, homogenous aqueous assays also 
can be accomplished with the labeled enzyme substrate or paramagnetic metal ion affixed to a 
solid phase, rather than completely soluble in solution. Examples of solid phases include 
polystyrene plates, membranes, or glass. 

[0060] In practicing the present invention, the excitation and emission filters used in 
measuring fluorescence are selected to provide wavelengths that fall within the 
excitation-remission spectrum of the fluorophore incorporated on the peptide substrate. In the 
case of Lissamine Rhodamine, a 560/590 filter excitation/emission filter can be utilized; the 
560 filter exciting near the peak absorbance of the dye. When the assay is practiced at high 
peptide concentrations that result in substantial self quenching, it is preferred to utilize off-peak 
illumination to limit inner filter effects and thereby increase assay detection sensitivity. In all 
cases, a requirement for choice of excitation/emission filters utilized in the assay is that the 
selected combinations not present conditions where the photomultiplier tube is saturated in 
excess of its capacity for measurement. The fluorometer gain setting is preferably set to allow 
the largest signal distinction between the experimental sample and that of the reference. 
[0061] While the invention has been described above with respect to assays of the activity 
of kinase, phosphatase and protease with peptide substrates, the invention is applicable to the 
assay of other enzjines relying on substrates other than peptides. As to useful enzymes, they 
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are capable of introducing or removing a target group on a fluorecently labeled substrate or 
endproduct, and where the target group has the ability to bind to a paramagnetic metal ion. 
Other enzymes include phospholipases that rely on phospholipid substrates, for example. Other 
substrates can include, in addition to phospholipids, proteins and cyclic nucleotides, among 
others. 

[0062] WTiile the assays described herein use a single fluorophore, it is recognized that 

a plurality of fluorophores may also be incorporated. The plurality may be used to enhance the 
effective Stokes shift of the fluorophore excitation/emission spectral separation or be used to 
increase tlie effective detection sensitivity of the labeled substrate or endproduct. 
[0063] The following examples illustrate the invention. 

Example I 

Preparation of Working Solution Containing The 
Paramagnetic Metal Ion as Fe^^ 

[0064] 9 volumes of Reagent A (0.555 M MES, 44.4 mM iminodiacetic acid, sodium salt, 
pH 5.8) and 1 volume of Reagent B ( 200 mM FeCK in water) are mixed to give a final 
Working Solution containing 20 mM Fe''^, 40 mM iminodiacetic acid, disodium salt, 0.5 M 
MES (morphilinoethane sulfonic acid buffer) with a final pH of approximately 5.5. This 
reagent can be further diluted with water to yield 0,5X strength working solution or diluted to 
0.25X strength working solution with water, for example. The working solution exhibits a 
time-dependent color change upon mixing. Visually this appears as a darkening of the solution 
to a reddish brown coloration. The working solution may be utilized immediately in the assay, 
or may be prepared a day before. Alternatively, the working solution may be briefly warmed to 
accelerate the color change to a steady state, and then allowed to cool to room temperature 
prior to use. 

[0065J Table 1 illustrates use of the working solutions where a conmion incubation 
mixture is directly scaled to accommodate a variety of plate density formats. The amount of 
Fe"^ to incubation mixture is held constant across these possible permutations with respect to 
the volume of incubations. It can be seen fi-om this table that the amount of buffering agent is 
also held constant with respect to the volume of incubation mixture across these possible 
permutations. This format allows for the convenience of moving the assay from one plate 
format to another while ensuring delivery of sufficient Fe"^ reagent and equivalent buffering 
capacity to maintain final pH consistency. The assay is operational under all the illustrated 
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formats. It can be seen from this table that the assay is flexible with respect to its practice. 
Preferably, the final well volumes are maximized to limit potential inner filter effects that can 
occur w4ien higher fluorophore-labeled peptide substrates are utilized in the incubation mixture. 



Table 1. 



— — " 1 


96 Well Plate 


384 Well Plate 


1536 Well Plate 


Incubation mixture 
volume, ul/well/assay 


30 


18 


3 










Working Solution 
Addition, ul/welL/assay 


120 (0.25X Fe^* WS) 


36(0.5XFe^"WS) 


3 (IXFe-" WS) 










Final Volume/well 


150 ul 


54 ul 


6ul 



Example II 
Fluorescent measurements 



[0066] Fluorescent measurements were generally obtained using a BMG PolarStar 
fluorometric plate reader (BMG Labtechnologies Inc, Durham, NC) using a 560/590 filter set, 
unless otherwise specified. A Tecan Sapphire plate reader (Austria) with a 560/590 
excitation/emission and 5 rmi bandpass to achieve similar results. 

Example III 

Enzymatic Reaction Conditions For Kinase Enzymes 

[0067] PKC (protein kinase C) assays were carried out in a reaction mixture consisting of 
20 mM HEPES, 5 mM CaCb, 5 mM MgClz, 1 mM ATP (disodium salt), 1 mM DTT 
(dithiothreitol), 0.2 mg/ml phosphatidyl-L-serine, pH 7.4. The enzyme preparation (purified 
PKC containing alpha, beta, and gamma isoforms. Pierce Biotechnology, Rockford, EL) was 
diluted in 20 mM HEPES, 0.05% Triton X-100, pH 7.4, immediately before use in the assay. 
The enzyme substrates used were either Myelin Basic Protein Peptide 4-14 (EKRPSQRSKYL) 
or Glycogen Synthase Peptide (PLSRTLSVAAKK) or Pseudosubstrate Peptide 
(RFARKGSLRQKMV) labeled on the N-terminal amine with Lissamine Rhodamine. 
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[0068] PKA (protein kinase A) assays were carried out in a reaction mixture consisting of 
20 mM HEPES, 0.1 mM cAMP, 5 mM MgCb, 1 mM ATP (disodium salt), 1 mM DTT, pH 
7.4, The enzyme preparation (PKA catalytic unit, Promega, Madison, Wisconsin) was diluted 
in 20 mM HEPES, 0.05% Triton X-100, pH 7.4, immediately before use in the assay. The 
enzyme substrate was Kemptide having a sequence of LRRASLG and labeled on the N- 
temiinal amine Lissamine Rhodamine. 

[0069] Tyrosine kinase (Src p60c-src, partially purified, Upstate Biotechnology, Walihara, 
MA) assays were carried out in a reaction mixture consisting of 20 mM HEPES, 5 mM MgCb, 
1 mM ATP (disodium salt), 1 mM DTT, pH 7.4. The enzyme substrate Tyrosine Kinase 
Peptide having a sequence of KVEKIGEGTYGVVYK and labeled on the N-terminal alpha 
amine with Lissamine Rhodamine. 

[0070] Enzyme activity for PKC, PKA and tyrosine kinase is stated in mU (milliUnits), 
where 1 mU of transfers 1 pmole of phosphate per minute under conditions determined by the 
vendor. 



[0071] Enzyme reactions were conducted according to Example IH, and following 
enzymatic reaction, the Working Solution prepared according to Example I was added, thus 
stopping the reaction. The plates were then measured for fluorescent signal. Figs 1-5 illustrate 
the results. 

[0072] The following Examples, V and VI, illustrate the assay system of the present 
invention in assa>ang differential kinase enzymatic activity in the presence of inhibitors. 



[0073] Slaurosporine, a known ATP-siie protein kinase inhibitor, was titrated out in 
triplicate in 10% DMSO over 22 wells in black 384-well polystyrene Labsystems plates. PKC 
enzyme and Lissamine Rhodamine labeled Pseudosubstrate peptide were added to a final 
concentration of 0.04 Units and 60 ^M, respectively, in a final reaction concentration of 20 mM 
HEPES, pH 7.4, LO mM CaCh, 5 mM MgCh, 1 mM DTT, and 0.2 mg phosphatidyl-L-serine. 
10 |iM ATP was added to start the reaction. The final incubation mixture in the well was 18 ^1. 
The reaction was stopped at 90 minutes with the addition of the Working Solution prepared 



Example IV 
Detection of Differential Phosphorylation 



Example V 
Staurosporine PKC Inhibition 
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according to Example I and then diluted with 10 volumes of water. Fluorescence was 
measured using a BMG FluoStar plate reader with a 544/590 ex/em filter set. The results are 
illustrated in Fig 6. The calculated ICsc was found to be 0.8 nM. 



10074J PKI, a known synthetic peptide inhibitor of PKIA, was titrated out in triplicate in 0. 1 
mg.^ml BSA over 14 wells in black 384-weIl polystyrene Labsystems plates. PKA enzyme and 
Lissamine Rhodamine-labeled Kemptide substrate were added to a final concentration of 0.02 
Units and 60 }aM, respectively, in a fmal reaction concentration of 20 mM HEPES, pH 7.4, 5 
mM MgCl2, and 1 mM DTT. 1.0 mM ATP was added to start the reaction. The reaction was 
stopped at 90 minutes with the addition of the Working Solution prepared according to 
Example I and then diluted wdth 10 volumes of water. Fluorescence was measured using a 
BMG FluoStar plate reader with a 544/590 ex/em filter set. The results are illustrated in Fig 7. 
The calculated IC50 was 2.6 nM. 



[0075] PTP-Beta and PTP-IB (commercially available protein tyrosine phosphatases) 
assays were carried out in a reaction mixture consisting of 20 mM HEPES, 1 .5 mM DTT, and 
0,5 mM EDTA, pH 7.4. The enzyme substrate used for both enzymes was Lissamine 
Rhodamine labeled on the N-terminal amine of the following phosphotyrosine peptide 
substrate (KVEKIGEGTpYGWYK). 

[0076] A PP2A (protein serine/threonine phosphatase) assay was carried out in a reaction 
mixture consisting of 20 mM HEPES, L5 mM DTT, pH 7.4. The enzyme substrate was 
Lissamine Rhodamine labeled on the N-terminal amine of phospho Kemptide having a 
sequence of LRRApSLG. 



Example VI 
PKI, PKA Inhibition 



Example VII 

Enzymatic Reaction Conditions for Phosphatase Enz>'mes 
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Example VIII 
Detection of Differential Dephosphorylation 

[0077] Enzyme reactions were conducted according to Example VU, and following 
enzymatic reaction, the Working Solution prepared according to Example I was added. The 
plates were then measured for fluorescent signal. Figs 8 and 9 illustrate the results. 

[0078] The foUowang Examples, IX and X, illustrate the assay system of the present 
invention in assaying differential phosphatase enzymatic activity in the presence of inhibitors. 

Example IX 

Sodium Ortho Vanadate, PTP-IB Phosphatase Inhibition 

[0079] Sodium Ortho Vanadate, a known general phosphatase inhibitor, was titrated in 
triplicate in 20 mM HEPES,pH 7.4, over 24 wells in a white 96-well polystyrene Coster plate. 
PTP-IB phosphatase enzyme and Lissamine Rhodaraine labeled PhosphoTyrosine peptide 
substrate in Example Vn were added to a final concentration of 22 mUnits and 30 ^iM, 
respectively, in a final reaction mixture of 20 mM HEPES. The final incubation mixture in the 
well was 30 \xh The reaction was stopped at 60 minutes with the addition of the Working 
Solution prepared according to Example I and then diluted with 30 volumes of water. 
Fluorescence was measured using a BMG FluoStar plate reader with a 560/590 ex/em filler set. 
The results are illustrated in Fig 11.. The calculated IC50 was found to be 1 .0 |iM. 

Example X 

Okadaic Acid/ PP2A Phosphatase Inhibition 
[00801 Okadaic Acid, another phosphatase inhibitor, solubilized in DMSO, was titrated in 
triplicate in phosphatase dilution buffer over 24 wells in white 96-welI polystyrene Costar 
plate. PP2A Phosphatase enzyme and Lissamine Rhodamine labeled phospho Kemptide 
peptide substrate in Example Vn were added to a final concentration of 22 milli Units and 
30)aM, respectively. The final incubation mixture in the well was 30 jil. The reaction was 
stopped at 60 minutes with the addition of the Working Solution prepared according to 
Example I and then diluted with 30 volumes of water. Fluorescence was measured using a 
BMG FluoStar plate reader with a 560/590 ex/em fiUer set. The results are illustrated in Fig 
10. The calculated IC50 was found to be 1.5 nM. 
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Example XI 

Enzymatic Reaction Conditions for Protease Enzymes 



[0081] The protease. Trypsin (TPCK treated), from Pierce Biotechnology, Inc., which 
cleaves peptide substrates C-terminal of arginine and lysine residues, was assayed (BAEE 
units/ mg protein) in a reaction mixture consisting of 25 mM TRIS, 150 mM NaCl, pH 7.2. 
The enzyme substrates used were Lissamine Rhodamine labeled on the N-terminal amine of 
either phosphoKemptide having a sequence of LRRApSLG or a longer derivative thereof 
having the sequence AGLARAGLALARLALALRRApSL. 



(0082] Enzyme reactions were conducted according to Example XI, and following 
enzymatic reaction, the Working Solution prepared in accordance with Example I was added. 
The plates were then measured for fluorescent signal. Figs 12 and 13 illustrate the results. 

Example XIII 

Enzj^matic Assays Using Fluorescein and Oregon Green Fluorophore Labels 

[0083] PKA was diluted in 20 mM HEPES, pH 7.4, w/ 0.05% TX-lOO and incubated in a 
final reaction buffer consisting of 20 mM HEPES, pH 7.4, 0,1 mM cAMP, 1 mM ATP, 5 mM 
MgCb , 1 mM DTT with either fluorescein Kemptide (71 .25 uM) or Oregon Green Kemptide 
as the enzymatic substrate at a final concentration of 71.25 or 114.25 ^M, respectively, with a 
final reaction volume of 30 [il, for a reaction time of 1 hour in a 96 well plate format using an 
opaque white plate. Subsequently, 120 ^il of 0.25X Fe(ni) working reagent prepared according 
to Example I was added to the enzymatic reaction mixture and the fluorescence was measured 
using a 485/538 ex/em filter set. The results are shown in Figs 14 and 15. 



Example XII 
Detection of Differential Cleavage, 



Example XIV 

Time-dependent enzymatic protein phosphatase activity assays 



100841 IQ™ Assay of the Ser/Thr protein phosphatases PF-2Ca and PP2A. The 
phosphatases were incubated with Lissamine Rhodamine-labeled phosphorylated Kemptide as 
the enzyme substrate. At each time point, the enz>'me reaction mixture (10 ^il) was stopped by. 
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in place of that outlined in Table 1, the addition of 100 ^1 0.25X Working Solution in a 96 well 
white plate and fluorescence was measured, with a 10 jil portion of a no enzyme reaction 
mixture control treated in the same fashion at each time point. The amount of enzyme utilized 
was 6.7 mU or 20 mU/10 \i\ of enzyme reaction mix for PP-2Ca and PP2A, respectively. The 
fluorescence was then measured with a 560/590 filter set. The observed fluorescence increased 
with increasing dephosphorylation of the substrate. The results are shoA^Ti in Fig 16. 

[0085] The disclosures of the patents and other references identified herein are incorporated 
herein in their entirety. 

[0086] Preferred embodiments of this invention are described herein, including the best 
mode known to the inventor for carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill in the art upon reading the 
foregoing description. The inventor expects skilled artisans to employ such variations as 
appropriate, and the inventor intends for the invention to be practiced otherwise than as 
specifically described herein. Accordingly, this invention includes all modifications and 
equivalents of the subject matter recited in the claims appended hereto as permitted by 
applicable law. Moreover, any combination of the above-described elements in all possible 
variations thereof is encompassed by the invention unless otherwise indicated herein or 
otherwise clearly contradicted by context. 
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WHAT IS CLAIMED IS: 

1. A composition formed in a fluorescence quench-based homogenous assay for 
enzymatic activity comprising a paramagnetic metal ion and a substrate for an enzyme or an 
enzymatic endproduct resulting from reaction of the enzyme with a substrate, the substrate or 
endproduct containing a fluorophore label and containing a target group to which the 
paramagnetic metal ion is bound to form a complex of the target and ion, said complex being in 
proximity to the fluorophore to cause the specific quenching of the fluorescence of the label 
when the complex forms. 

2. The composition of claim 1 wherein the target group is a phosphoryl group. 

3. The compositotn of claim 1 wherein the target group is an an imidazole group. 

4. The composition of claim 1 wherein the paramagnetic metal ion is Fe (HI). 

5. The composition of claim 1 wherein the paramagnetic metal ion is Ni (II). 

6. The composition of claim 2 wherein the paramagnetic metal ion is Fe (HI). 

7. The composition of claim 3 wherein the paramagnetic metal ion is Ni (H). 

8. The composition of claim 1 wherein the substrate or endproduct contains a 
single fluorophore label which is the only dye entity attached thereto. 

9. The composition of claim 6 wherein the substrate or endproduct contains a 
single fluorophore label which is the only dye entity attached thereto 

10. The composition of claim 7 wherein the substrate or endproduct contains a 
single fluorophore label which is the only dye entity attached thereto. 

1 1. The composition of claim 1 wherein the paramagnetic metal ion, in addition to 
being bound to be the target group, is coordinated with a chelator. 



Lm 223204 



23 



12. The composition of claim 6 wherein the paramagnetic metal ion, in addition to 
being bound to be the target group, is coordinated with a chelator. 

13. The composition of claim 7 wherein the paramagnetic metal ion, in addition to 
being bound to be the target group, is coordinated with a chelator. 

14. A method for assaying the activity of an enzyme by contacting the enzyme with 
a population of fluorophore labeled substrate in an aqueous enzymatic reaction mixture, 
allowing the enzymatic reaction to proceed, contacting this reaction mixture with a 
paramagnetic metal ion to form a complex of the paramagnetic metal ion with a target group, 
said complex when in proximity to the fluorophore causing the specific quenching of the 
fluorescence from the fluorophore, measuring the intensity of the observed fluorescent 
emission from the mixture, relating the observed fluorescence from the mixture to that of an 
extemal reference, and ascribing a differential fluorescent signal, if any, between the two, the 
ascribed differential fluorescent signal of the sample being indicative of the final state of the 
fluorophore labeled substrate population after enzymatic reaction, and in turn an indicator of 
enzymatic activity. 

15. The method of claim 14 wherein the enzyme whose activity is being assayed is a 

kinase. 

16. The method of claim 14 wherein the enzyme whose activity is being assayed is a 
phosphatase. 

17. The method of claim 15 wherein the paramagnetic metal ion is Fe (HI) and the 
target group is a phosphoryl group. 

18. The method of claim 16 wherein the paramagnetic metal ion is Fe (III) and the 
target group is a phosphoryl group. 

19. The method of claim 14 wherein the substrate or endproduct contains a single 
fluorophore label which is the only dye entity attached thereto. 

20. The method of claim 1 5 wherein the substrate or endproduct contains a single 
fluorophore label which is the only dye entity attached thereto. 
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21. The method of claim 16 wherein the substrate or endproduct contains a single 
fluorophore label which is the only dye entity attached thereto. 

22. The method of claim 14 wherein the paramagnetic metal ion, in addition to 
being bound to be the target group, is coordinated with a chelator. 

23. A kit comprising a paramagnetic metal ion and an instruction booklet 
referencing and/or describing the manner in which the assay can be accomplished with respect 
to one or more enzymes as set forth herein. 

24. The kit of claim 23, further including a synthetic calibrator. 
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ABSTRACT 

An assay is disclosed for measuring activity of enzymes, such as kinases, phosphatases, 
and proteases. Measurements of enzymatic activity are accomplished in a homogenous assay 
format utilizing a fluorescence quenching technique employing paramagnetic metal ions. 
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PKC Kinase (fT^hirKts/assay) 

Fig 1 . PKC detection in a biack 384 well plate. 




Frg 2. PKC detectioa in a white 384 well plate. 
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Fig 4. PKC detection compai-ison in various plate density foimats 
using Pseudosubstrate peptide 
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Fig 5. Tyrosine Kinase time course detection after 60 or 120 minutes of enzyme reaction. 
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Fig 6. Assay of staurosporine inhibition on PKC activity. 
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Fig 7. Assay of PKI inhibition on PKA activity 
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Fig. 8. PP2A Phosphatase activity was measured in the presence of the peptide substrate, LRRApSLG. 
Several concentrations of enzyme and two timepoints were analyzed. 
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Fig. 9. PTP-Beta or PTP IB Phosphause activity was measured in the presence of the peptide substrate, 
KVEKIGEGTpYGWYK. Several concentrations of enzyme were analyzed. 




Fig- 10. Assay of Okadaic Acid inhibition on PP2A Phosphatase acrivity using Lissamine 
Rhodamine labeled pbosphopepdde substrate, LRRApSLG 




Fig, 1 1 . Assay of sodium ortho-vanadate inhibition on PTPIB Phosphatase activity using 
Lissamine Rhodamine labeled phosphopeptide substrate KVEKIGEGTpYGWYK. 




Fig. 12 Trypsin activity assay using Lissamine rhodamine labeled LRRApSLG as the 
enzymatic substrate. 
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Fig 1 3 Trypsin activity assay using Lissamine rhodamine labeled 
AGLARAGLALARLALALRRApSL as the enzymatic substrate. 
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Fig. 14 PKA acti\'ity assay using fluorescein labeled Kemptide substrates 




Fig. 15. PKA activity assay using Oregon Green labeled Kemptide substrates 
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Fig. 1 6 Assay for protein phosphastase activity using either phosphatases PP-2Ca or 
PP2 with Lissamine Rhodamine labeled phosphoKemptide substrate. 
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From: Alisa M. Haggemo 

Sent: Tuesday, June 28, 2005 5:10 PM 

To: 'Dean.savage @ att.net' 

Cc: Michael B. Stewart; Lee Cheng 

Subject: RE: Our File 66243-01 45 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 



Declaration-POA Assignment 

(R0278585).PDF...10278586).PDF(45. .... ^ ^ ^ 

As a follow-up to our previous email below, we wanted to check on 

the status of your execution of the formal papers (declaration and power of attorney and 

assignment) emailed to you on January 14, 2005. We have attached the documents to this 

email for your convenience. We have now received a notice to file missing parts which is 

due on August 21, 2005. Please let us know when we might expect to receive the formal 

papers or if there is anything we can do to assist you in any way. 

We look forward to hearing from you. If you have any questions, please contact us. 
Michael Stewart can be reached at (248) 594-0633. 



Alisa M. Haggemo, Legal Specialist 
Rader, Fishman & Grauer PLLC 
39533 Woodward Ave., Suite 140 
Bloomfield Hills , Michigan 48304 
+1-248-594-0632 direct 
+1-248-594-0610 facsimile 
ainh@rader fishman . com 



CONFIDENTIAL AND PRIVILEGED INFORMATION IMPORTANT: The enclosed message and any 
attachments are intended for the addressee only and is privileged and confidential. If you 
are not the addressee, then please DO NOT read, copy or distribute it, but reply to the 
sender that you received it in error and delete it. Thank you. 

Original Message 

From: Alisa M. Haggemo 

Sent: Friday, January 14, 2005 5:02 PM 

To: 'Dean. savage@att .net * 

Cc: Michael B. Stewart; Lee Cheng 

Subject: Our File 66243-0145 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 

We are intellectual property counsel for Pierce Biotechnology, Inc. We prepared and filed 
the above-identified patent application on which you are named as an inventor (a copy of 
the application is enclosed for your records) . 

Since you are a named inventor on this application, the U.S. Patent and Trademark Office 
requires that you sign a combined declaration and power of attorney regarding this 
application. As part of your previous employment with Pierce, and the fact that the 
invention was developed while you were with Pierce, we also need you to sign an 
assignment, formally transferring rights to the invention. We enclose copies of these 
papers for your signature. Your signature on the assignment must be notarized. Once the 
papers have been fully executed, please return them to our office. We kindly ask that you 
send the executed papers back to our office by February 18, 2005, for filing with the U.S. 
Patent and Trademark Office. 

Of course, as an inventor, your name will appear on any issued patent. We would be happy 
to send you a copy of any such patent when it issues. 

Thank you for your cooperation and prompt attention to this matter. Please contact us if 
you have any questions. Michael Stewart can be reached at (248) 594-0633 and Lee Cheng 
can be reached at (202) 955-8749. 
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Declaratfort artd POA fpr Patent Application 
I hereby certify that this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, 
in an envelope addressed to: Commissioner for PaterUs, RO. Box 1450. Alexandna, VA 22313-t45a, on the date shown below. 

Dated: Signature: { ) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
DECLARATION FOR PATENT APPLICATION 



As the below named inventor, 1 hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor of the subject matter which is claimed and 
for which a patent is sought on the invention entitled: 

HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 

the specification of which was filed on as Application No. . 

In the event that the filing date and/or Application No. are not entered above at the time I 
execute this document, and if such information is deemed necessar>', I hereby authorize and 
request my attomeys/agent(s) at Rader, Fisbman & Grauer PLLC, 39533 Woodward 
Avenue, Suite 140, Bloomfield Hills, Michigan 48304, to insert above the filing date and/or 
Application No. of said application. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred 
to herein. 

I acknowledge the dut>^ to disclose all information known to me that is material to 
patentability in accordance with Title 37, Code of Federal Regulations, § 1.56. 

FOREIGN PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35, United States Code § 1 19(a)-(d) of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on which priority is claimed: 

fx] no such foreign applications have been filed 

I I such foreign application have been filed as follows: 



1 



Anomey Docket No.: 66243-0145 



EARLIEST FOREIGN APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Application Number 


Country 


Date of Filing 


Priority Claimed 
Under 35 use 119 








Yes Ko 








Yes No 








Yes No 



ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN') PRIOR TO THIS U.S. APPLICATION 



Application Number 


Countr>' 


Date of Filing 





















CLAIM FOR BENEFIT OF EARLIER U.S. PROVISIONAL APPLICATIONS 



I hereby claim priority benefits under Title 35, United States Code §1 19(e), of any United 
States provisional patent application(s) listed below: 

I I no such U.S. provisional applications have been filed. 

fx] such U.S. provisional application have been filed as follows: 



Application Number 


Date of Filing 


Priority Claimed 
Under 35 USC 119 


60/388,792 


June 14, 2002 


X Yes No 






Yes No 






Yes No 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, §120 of the United States 
applicaiion(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the dut>' to disclose 
all infomiation that is material to patentabilit>' in accordance with Title 37, Code of Federal 
Regulations, §1 .56 which became available to me between the filing date of the prior 
application and the national or PCT international filing date of this application: 
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[ \ no such U.S./PCT applications have been filed. 

fx] such U.S./PCT application have been filed as follows: 



Application Number 


Date of Filing 


Status 

(Patented/Pend ing.^A bandoned ) 


PCT/'US03/189I2 


June 16, 2003 

















I hereby declare that all statements made herein of my ovm knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisormient, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon, 

I hereby appoint the following practitioner(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected herewth. 



APPOINTED PRACTITIONER(S) 


REGISTRATION NUMBER(S) 


Michael B. Stewart 


36,018 















I hereby appoint the practitioner(s) associated with Customer Number 10291 to prosecute 
this application and transact all business in the Patent and Trademark Office connected 
herewith. 

Please mail all correspondence to Michael B. Stewart, whose address is: 

Rader, Fishman & Grauer PLLC 
39533 Woodward Avenue 
Suite 140 
Bloomfield Hills. Michigan 48304 

Please direct telephone calls to: Michael B. Stewart at (248) 594-0633. 
Please direct facsimiles to: (248) 594-0610 



3 




Attorney Docket No.: 66243-0145 



FuU name of sole or firsi inventor 




M. D. Savage 




Sole or first invxntor*^s signaturi; 


Date 


Residence 




Conroe, Texas 




Citizenship US 



Mailing Address 



2210 Westview Blvd., Apt. 155 
Conroe, Texas 77304 



Full naiTie of second hvcntor, if any 



Second inventor's signaaire Date 
Residence 



Ciliienship 
Mailing Address 



Full nanie of ihiid inventor, if any 



Third inventor's signature Dale 
Residence 



Cittzenship 
Mailing Address 



jFyll hameof fcnirth inventor, if any 



Fourth inventor's signature Date 
Residence 



Citizenship 
Mailmg Address 
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Assignment 

I hereby certify Uiat this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, in 
an envelope addressed to: MS Assignment Recordation Services. Director of the US Patent and Trademark Office, P.O. Box 1450. 
Alexandria. VA 22313-1450. on the date shown below. 

Dated: Signature: ( ) 



ASSIGNMENT BY INVENTOR 




THIS ASSIGNMENT, made this day of , , by M. 

Dean Savage (hereinafter referred to as Assignor), residing at 2210 Westview Blvd., Apt. 155, 
Conroe, Texas 77304; 

WHEREAS. Assignor has invented certain new and useful improvements in 
HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY, set forth in a Patent application 
for which an International Application was filed on June 16. 2003, PCT/US03/18912, 
designating the United States; and 

WHEREAS, Pierce Biotechnology, Inc., a organized under and pursuant to the 
laws of Delaware having its principal place of business at 3747 N. Meridian Road, RO. Box 
117, Rockford, Illinois 61 105 (hereinafter referred to as Assignee), is desirous of acquiring the 
entire right, title and interest in and to said inventions and said Application for Letters Patent of 
the United States, and in and to any Letters Patent of the United States to be obtained therefore 
and thereon. 

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other good and 
sufficient consideration, the receipt of which is hereby acknowledged, Assignor has sold, 
assigned, treuisferred and set over, and by these presents does sell, assign, transfer and set over, 
unto Assignee, its successors, legal representatives and assigns, the entire right, title and 
interest in and to the above-mentioned inventions and application for Letters Patent, and in and 
to any and all direct and indirect divisions, continuations and continuations-in-part of said 
application, and any and all Letters Patent in the United States and all foreign countries which 
may be granted therefore and thereon, and reissues, reexaminations and extensions of said 
Letters Patent, and all rights under the International Convention for the Protection of Industrial 
Property, the same to be held and enjoyed by Assignee, for its own use and benefit and the use 
and benefit of its successors, legal representatives and assigns, to the fiill end of the term or 
terms for which Letters Patent may be granted and/or extended, as fiilly and entirely as the 
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same would have been held and enjoyed by Assignor, had this sale and assignment not been 
made. 

AND for the same consideration. Assignor hereby represents and warrants to 
Assignee, its successors, legal representatives and assigns, that, at the time of execution and 
delivery of these presents, except for any rights, titles and/or interests that have arisen to 
Assignee under law or that have already been transferred to Assignee, Assignor is the sole and 
lawful owner of the entire right, title and interest in and to the said inventions and application 
for Letters Patent above-mentioned, and that the same are unencumbered and that Assignor has 
good and full right and lawful authority to sell and convey the same in the manner herein set 
forth. 

AND for the same consideration. Assignor hereby covenants and agrees to and with 
Assignee, its successors, legal representatives and assigns, that Assignor will sign all papers 
and documents, take all lawful oaths and do all acts necessary or required to be done for the 
procurement, maintenance, enforcement and defense of any Letters Patent and applications for 
Letters Patent for said inventions, without charge to Assignee, its successors, legal 
representatives and assigns, whenever counsel of Assignee, or counsel of its successors, legal 
representatives and assigns, shall advise: that any proceeding in connection with said 
inventions, or said Patent application for Letters Patent, or any proceeding in connection with 
any Letters Patent or applications for Letters Patent for said inventions in any country, 
including but not limited to interference proceedings, is lawful and desirable; or, that any 
division, continuation or continuation-in-part of any application for Letters Patent, or any 
reissue, reexamination or extension of any Letters Patent, to be obtained thereon, is lawful and 
desirable. 

AND Assignor hereby requests the Commissioner of Patent and Trademarks to 
issue said Letters Patent of the United States to Assignee, as Assignee of said inventions and 
the Letters Patent to be issued thereon, for the sole use and benefit of Assignee, its successors, 
legal representatives and assigns. 

AND Assignor hereby grants the following individuals the power to insert on this 
Assignment any further identification which may be necessar)' or desirable in order to comply 
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with the rules of the United States Patent and Trademark Office for recordation of this 
document: 

RADER, FISHMAN & GRAUER PLLC 
All practitioners at Customer Number 10291 

AND Assignor acknowledges an obligation of assignment of this invention to 
Assignee at the time the invention was made. 
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# 



M. Dean Savage 

Date: 

United States of America ) 

State of ) ss.: 

County of ) 

On this day of _> , before me 

personally came M. Dean Savage , to me known to be the individual 

described in and who executed the foregoing instrument, and acknowledged execution 
of the same. 



Notary Public 



msMivi/vrM 



iP555 Woodward Avemie 
State I4Q 

Bloom/ield HilJs, Michigan 48304 
Tel: (248) 594-0600 
Fax: (248) 594-0610 

Michael B. Stewart 
(248) 594-0633 
mbs@raderfishman.com 



VIA FEDERAL EXPRESS AND FIRST CLASS MAIL 

September 13, 2005 



M. Dean Savage 

2210 WestviewBlvd., Apt. 155 

Conroe, TX 77304 

Re: U.S. Patent Application No. 10/517,758 for HOMOGENEOUS ASSAY FOR 
ENZYMATIC ACTIVITY 
Filed: December 13, 2004 
Inventor: M. Dean Savage 
Our File No.: 66243-0145 

Dear Mr. Savage: 

As you know, we prepared and filed the above-identified patent application on which you 
are named as an inventor (a copy of the application is enclosed for your records). 

We have attempted to contact you by e-mail and by phone. We have also attempted to 
get into contact with you by way of Pierce Biotechnology. Nothing we have done has worked. 
You have already seen copies of the various materials identified below. In one last attempt, we 
now once again submit them to you for review and execution. 

Since you are a named inventor on this application, the U.S. Patent and Trademark OfiFice 
requires that you sign a combined declaration and power of attorney regarding this application. 
As part of your previous employment with Pierce Biotechnology, and the fact that the invention 
was developed while you were with Pierce Biotechnology, we also need you to sign an 
assignment, formally transferring rights to the invention. We enclose copies of these papers for 
your signature. Your signature on the assignment must be witnessed by two people. Once the 
papers have been fully executed, please return them to our office. We have enclosed a self- 
addressed, stamped Federal Express envelope for the return of the papers. We kindly ask that 
you send the executed papers back to our office by September 21, 2005. for filing with the U.S. 
Patent and Trademark Office. 



Worldwide Intellectual Property Matters • Patents • Trademarks • Litigation • Copyrights • and Formgn Portfolio Management 

Computer and Internet Law • Trade Secrets • Unfair Competition 
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1 . 

# 



• 



M. Dean Savage 
September 13, 2005 
Page 2 



Of course, as an inventor, your name will appear on any issued patent. We would be 
happy to send you a copy of any such patent when it issues. 

Thank you for your cooperation and prompt attention to fliis matter. Please 
contact us if you have any questions. 

Very truly yours, 
RADER, FISHMAN & GRAUER PLLC 




Michael B. Stewart 



MBS/amh 

Enclosures 

cc: Lee Cheng, Esq. 
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M- Dean Savage 
September 13, 2005 
Page 3 



bcc: Tom Currier 

Alan Doemberg, Esq. 



Alisa M. Haggemo 



From: AUsa M. Haggemo 

Sent: Friday, January 14. 2005 5:02 PM 

To: 'Dean.savage@att.nef 

Cc: Michael B. Stewart; Lee Cheng 

Subject: Our File 66243-0145 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 



Dedaratlon-POA Assignment Application 

(R0278585).PDF...l0278586).PDF(45Jt0278593).PDF(58. , ^ , ^ ^. 

^ We are intellectual property counsel for Pierce 

Biotechnology, Inc. We prepared and filed the above-identified patent application on 
which you are named as an inventor (a copy of the application is enclosed for your 
records) • 

Since you are a named inventor on this application^ the U.S. Patent and Trademark Office 
requires that you sign a combined declaration and power of attorney regarding this 
application. As part of your previous employment with Pierce, and the fact that the 
invention was developed while you were with Pierce, we also need you to sign an 
assignment, formally transferring rights to the invention. We enclose copies of these 
papers for your signature. Your signature on the assignment must be notarized. Once the 
papers have been fully executed, please return them to our office. We kindly ask that you 
send the executed papers back to our office by February 18, 2005, for filing with the U.S. 
Patent and Trademark Office. 

Of course, as an inventor, your name will appear on any issued patent. We would be happy 
to send you a copy of any such patent when it issues. 

Thank you for your cooperation and prompt attention to this matter. Please contact us if 
you have any questions. Michael Stewart can be reached at (248) 594-0633 and Lee Cheng 
can be reached at (202) 955-8749. 

Alisa M, Haggemo, Legal Specialist 
Rader, Fishman & Grauer PLLC 
39533 Woodward Ave., Suite 140 
Bloomfield Hills , Michigan 48304 
+1-248-594-0632 direct 
+1-248-594-0610 facsimile 
amh@raderf ishman . com 

CONFIDENTIAL AND PRIVILEGED INFORMATION IMPORTANT: The enclosed message and any 
attachments are intended for the addressee only and is privileged and confidential. If 
you are not the addressee, then please DO NOT read, copy or distribute it, but reply to 
the sender that you received it in error and delete it. Thank you. 
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From: AHsa M. Haggemo 

Sent: Tuesday, June 28, 2005 6:10 PM 

To: •Dean.savage@att.nef 

Cc: Michael B. Stewart; Lee Cheng 

Subject: RE: Our File 66243-0145 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVlPi' 



Declaraton-POA As^nment 



(R0278585).PDF...10278586).PDF (45 , 

As a follow-up to our previous email below, we wanted to check on 
the status of your execution of the formal papers {declaration and power of attorney and 
assignment) emailed to you on January 14, 2005 • We have attached the documents to this 
email for your convenience. We have now received a notice to file missing parts which is 
due on August 21, 2005. Please let us know when we might expect to receive the formal 
papers or if there is anything we can do to assist you in any way. 

We look forward to hearing from you. If you have any questions/ please contact us. 
Michael Stewart can be reached at (248) 594-0633. 

Alisa M. Haggemo, Legal Specialist 
Rader, Fishman & Grauer PLLC 
39533 Woodward Ave . , Suite 140 
Bloomfield Hills , Michigan 48304 
+1-248-594-0632 direct 
+1-248-594-0610 facsimile 
amh@ rader fishman . com 

CONFIDENTIAL AND PRIVILEGED INFORMATION IMPORTANT: The enclosed message and any 
attachments are intended for the addressee only and is privileged and confidential. If you 
are not the addressee, then please DO NOT read, copy or distribute it, but reply to the 
sender that you received it in error and delete it. Thank you. 

Original Message 

From: Alisa M. Haggemo 

Sent: Friday, January 14, 2005 5:02 PM 

To: ' Dean. savage@att . net ' 

Cc: Michael B. Stewart; Lee Cheng 

Subject: Our File 66243-0145 for HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 



We are intellectual property counsel for Pierce Biotechnology, Inc. We prepared and filed 
the above-identified patent application on which you are named as an inventor (a copy of 
the application is enclosed for your records) . 

Since you are a named inventor on this application, the U.S. Patent and Trademark Office 
requires that you sign a combined declaration and power of attorney regarding this 
application. As part of your previous employment with Pierce, and the fact that the 
invention was developed while you were with Pierce, we also need you to sign an 
assignment, formally transferring rights to the invention. We enclose copies of these 
papers for your signature. Your signature on the assignment must be notarized. Once the 
papers have been fully executed, please return them to our office. We kindly ask that you 
send the executed papers back to our office by February 18, 2005, for filing with the U.S. 
Patent and Trademark Office. 

Of course, as an inventor, your name will appear on any issued patent. We would be happy 
to send you a copy of any such patent when it issues. 

Thank you for your cooperation and prompt attention to this matter. Please contact us if 
you have any questions. Michael Stewart can be reached at (248) 594-0633 and Lee Cheng 
can be reached at (202) 955-874 9. 
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Alisa M. HaggemO/ Legal Specialist 
Rader, Fishman & Grauer PLLC 
39533 Woodward Ave., Suite 140 
Bloomfieid Hills , Michigan 48304 
+1-248-594-0632 direct 
+1-248-594-0610 facsimile 
amh@raderfishman.com 

CONFIDENTIAL AND PRIVILEGED INFORMATION IMPORTANT: The enclosed message and any 
attachments are intended for the addressee only and is privileged and confidential- If 
you are not the addressee, then please DO NOT read, copy or distribute it, but reply to 
the sender that you received it in error and delete it» Thank you. 
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Aasigntnem 

1 hereby certify t^at this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, in 
an envelope addressed to: MS Assignment Recordation Services. Director of the US Patent and Trademarl^ O^ce. P.O. Box 1450. 
Alexandria. VA 22313-1450. on the date shown below. 

Dated: Signature: { ) 



ASSIGNMENT BY INVENTOR 



THIS ASSIGNMENT, made this . day of , , by M. 

Dean Savage (hereinafter referred to as Assignor), residing at 2210 Westview Blvd., Apt 155, 
Conroe, Texas 77304; 

WHEREAS, Assignor has invented certain new and useful improvements in 
HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY, set forth in a Patent application 
for which an International Application was filed on June 16, 2003, PCTAJS03/18912, 
designating the United States; and 

WHEREAS, Pierce Biotechnology, Inc, a organized under and pursuant to the 
laws of Delaware having its principal place of business at 3747 N, Meridian Road, P.O. Box 
1 17, Rockford, Illinois 61 105 (hereinafter referred to as Assignee), is desirous of acquiring the 
entire right, title and interest in and to said inventions and said Application for Letters Patent of 
the United States, and in and to any Letters Patent of the United States to be obtained therefore 
and thereon. 

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other good and 
sufficient consideration, the receipt of which is hereby acknowledged. Assignor has sold, 
assigned, transferred and set over, and by these presents does sell, assign, transfer and set over, 
unto Assignee, its successors, legal representatives and assigns, the entire right, title and 
interest in and to the above-mentioned inventions and application for Letters Patent, and in and 
to any and all direct and indirect divisions, continuations and continuations-in-part of said 
application, and any and all Letters Patent in the United States and all foreign countries which 
may be granted therefore and thereon, and reissues, reexaminations and extensions of said 
Letters Patent, and all rights under the International Convention for the Protection of Industrial 
Property, the same to be held and enjoyed by Assignee, for its own use and benefit and the use 
and benefit of its successors, legal representatives and assigns, to the full end of the term or 
terms for which Letters Patent may be granted and/or extended, as fully and entirely as the 
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same would have been held and enjoyed by Assignor^ had this sale and assignment not been 
made. 

AND for the same consideration. Assignor hereby represents and warrants to 
Assignee, its successors, legal representatives and assigns, that, at the time of execution and 
delivery of these presents, except for any rights, titles and/or interests that have arisen to 
Assignee under law or that have already been transferred to Assignee, Assignor is the sole and 
lawful owner of the entire right, title and interest in and to the said inventions and application 
for Letters Patent above-mentioned, and that the same are unencumbered and that Assignor has 
good and fall right and lawful authority to sell and convey the same in the manner herein set 
forth. 

AND for the same consideration. Assignor hereby covenants and agrees to and with 
Assignee, its successors, legal representatives and assigns, that Assignor will sign all papers 
and documents, take ail lawful oaths and do all acts necessary or required to be done for the 
procurement, maintenance, enforcement and defense of any Letters Patent and applications for 
Letters Patent for said inventions, without charge to Assignee, its successors, legal 
representatives and assigns, whenever counsel of Assignee, or counsel of its successors, legal 
representatives and assigns, shall advise: that any proceeding in connection with said 
inventions, or said Patent application for Letters Patent, or any proceeding in connection with 
any Letters Patent or applications for Letters Patent for said inventions in any coimtry, 
including but not limited to interference proceedings, is lawful and desirable; or, that any 
division, continuation or continuation-in-part of any application for Letters Patent, or any 
reissue, reexamination or extension of any Letters Patent, to be obtained thereon, is lawful and 
desirable. 

AND Assignor hereby requests the Conunissioner of Patent and Trademarks to 
issue said Letters Patent of the United States to Assignee, as Assignee of said inventions and 
the Letters Patent to be issued thereon, for the sole use and benefit of Assignee, its successors, 
legal representatives and assigns. 

AND Assignor hereby grants the follov^dng individuals the power to insert on this 
Assignment any further identification which may be necessary or desirable in order to comply 
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with the rules of the United States Patent and Trademark Office for recordation of this 
document: 

RADER, FISHMAN & GRAUER PLLC 
All practitioners at Customer Number 10291 

AND Assignor acknowledges an obligation of assignment of this invention to 
Assignee at the time the invention was made. 
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M. Dean Savage 

Date: 

United States of America ) 

State of ) ss.: 

Coxinty of ) 

On this day of ^ , before me 

personally came M. Dean Savage , to me known to be the individual 

described in and who executed the foregoing instrument, and acknowledged execution 
of the same. 



Notary Public 



OeclarstSen and I^AI'ot' l^atent Aj:^A^Q6n. . 
1 hereby oetlify lhat this corre&pondenoe is being depd^^^v^lh^ iSJ^, p6&A\J&«*ikey^ Class Mail 

in an envelope addressed to: Commissioner for Patehli^ Rb. 66x ^ 4S0.^Ad^^tandld^ VA Sl2B13^.14fid. clb- the -date shown below. 

Dated: Signature: ( > 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
DECLARATION FOR PATENT APPLICATION 



As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor of the subject matt^ which is clsdmed and 
for which a patent is sought on the invention entitled: 

HOMOGENEOUS ASSAY FOR ENZYMATIC ACTIVITY 

the specification of which was filed on as Application No. . 

In the event that the filing date and/or Application No. are not entered above at the time I 
execute this document, and if such infomiation is deemed necessary, I hereby authorize and 
request my attomeys/agent(s) at Rader, Fishman & Grauer PLLC, 39533 Woodward 
Avenue, Suite 140, Bloomfield Hills, Michigan 48304. to insert above the filing date and/or 
Application No. of said application. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred 
to herein* 

I acknowledge the duty to disclose all information known to me that is material to 
patentability in accordance with Title 37, Code of Federal Regulations, § 1.56. 

FOREIGN PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35, United States Code § 1 19(a)-(d) of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on which priority is claimed: 

flc] no such foreign applications have been filed 

[ I such foreign application have been filed as follows: 
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EARLIEST FOREIGN APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Application Number 


Country 


Date of Filing 


Priority Claimed 
Under35USCn9 








Yes No 








1 Yes No 




i. ... 




Yes No 



ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Applicatioxi::Nuinber 


Country 


Date of Filing 





















CLAIM FOR BENEFIT OF EARLIER U.S. PROVISIONAL APPLICATIONS 



I hereby claim priority benefits under Title 35» United States Code §1 19(e), of any United 
States provisional patent application(s) listed below: 

I I no such U.S. provisional applications have been filed, 

fx} such U.S. provisional application have been filed as follows: 



Application Number 


Date of Filing 


Priority Claimed 
Under 35 use 119 


60/388,792 


June 14,2002 


X Yes No 






Yes No ^ 






Yes No 



CLAIM FOR BENEFIT OF EARLIER U.STPCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, §120 of the United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the dut>' to disclose 
all information that is material to patentability in accordance with Title 37, Code of Federal 
Regulations, §1 .56 which became available to me between the filing date of the prior 
application and the national or PCT international filing date of this application: 
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i \ no such U,S./PCT applications have been filed. 

fx] such U,S./PCT application have been filed as follows: 



Application Number 


Date of Filing 


Status 

(Patentcd/Pending/Abandoned) 


PCTA;S03/I89I2 


June J 6, 2003 

















I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

I hereby appoint the following practitioner(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected herewith. 



APPOINTED PRACTITIONER(S) 


REGISTRATION NUMBER(S) 


Michael B. Stewart 


36,018 















I hereby appoint the practitioner(s) associated with Customer Number 10291 to prosecute 
this ^plication and transact all business in the Patent and Trademark Office connected 
herewith. 

Please mail ail correspondence to Michael B, Stewart, whose address is: 

Raden Fisbman St Grauer PLLC 
39533 Woodward Avenue 
Suite 140 
Bloomfield Hills, Michigan 48304 

Please direct telephone calls to: Michael B. Stewart at (248) 594-0633. 
Please direct facsimiles to: (248) 594-0610 
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Full name of sok or first inventor 




M. D. Savage 




Sole or first inventor's Signature 


Date 


Residence 




Conroe, Texas 




Citizenship US 


Mailing Address 




.2210 Westview Blvd., Apt. 155 




' Conroe, Texas 77304 





Full name orsecond invenior, if any 



Second inventor's signanire Dale 
Residence 



Citizenship 
Mailing Address 



Fill) ftarheoTihitd inventor, ifany 



nrhird-invenfor's signature Date 
R(K3idtnc9d 



MasIUii^ Address 



Futt naum^cTibiiilitli Inventor, ifany 
Keifdene^ ■ 



Maiinig Address 
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